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Abstract
We consider the metastableN = 1 QCD model of Intriligator, Seiberg and Shih (ISS), deformed by adding a baryon term to the superpotential.
This simple deformation causes the spontaneous breaking of the approximate R-symmetry of the metastable vacuum. We then gauge the flavour
SU(5)f and identify it with the parent gauge symmetry of the Standard Model (SM). This implements direct mediation of supersymmetry breaking
without the need for an additional messenger sector. A reasonable choice of parameters leads to gaugino masses of the right order. Finally, we
speculate that the entire “ISS × SM” model should be interpreted as a magnetic dual of an (unknown) asymptotically free theory.
© 2008 Published by Elsevier B.V.
The issue of supersymmetry (SUSY) breaking has recently been reinvigorated by Intriligator Seiberg and Shih [1] (ISS). Their
observation—that metastable SUSY breaking vacua can arise naturally and dynamically in the low-energy limit of supersymmetric
SU(N) gauge theories—has important implications for our understanding of how SUSY is broken in nature. Following this work
there has been exploration of both the cosmological consequences [2–6], and the possibilities for gauge or direct mediation of
the SUSY breaking to the visible sector [1,7–28]. On the cosmological side, the attractive feature of these models is that the
metastable vacua are naturally long lived due to the flatness of the potential. Moreover, at high temperatures the SUSY breaking
vacua are dynamically favoured over the SUSY preserving ones because they have more light degrees of freedom, so the early
Universe would naturally have been driven into them.1 On the phenomenological side, attention has focussed on a striking aspect of
metastability, namely that the models do not have an exact U(1)R-symmetry, and indeed the U(1)R-symmetry is anomalous under
the same gauge group that dynamically restores the supersymmetry in the supersymmetric global minima.
In principle this allows one to evade the theorem by Nelson and Seiberg that SUSY breaking requires R-symmetry in a generic
model (i.e. one that includes all couplings compatible with the symmetries) [32]. R-symmetry is unwelcome because it implies
that gauginos are massless, so the fact that it can be broken by metastability is an encouraging sign. In a more recent paper [18] it
was emphasized that the relation between SUSY breaking and R-symmetry is a continuous one, in the sense that the lifetime of
the metastable vacuum decreases in proportion to the size of any explicit R-symmetry breaking terms that one adds to the theory.
This allows one to play the “approximate R-symmetry” game: add to the superpotential of the effective theory explicit R-sym-
metry breaking terms of your choosing, whilst trying to keep the metastable minimum as stable as possible. Such approximate
R-symmetry models can then be motivated by appealing to (for example) higher-dimensional operators of the underlying high
energy physics.
Clearly there is some tension in this procedure. For example the gauge mediation scenario explored in Refs. [12,17] invokes a
messenger sector (denoted by f ). The field f has to have an explicit R-breaking mass-term to give gauginos a mass, and conse-
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1 An additional cosmological development which is somewhat orthogonal to our discussion is the use of the models of ISS in supergravity to “uplift” supersym-
metric models to small non-zero cosmological constant [29–31]. This possible phenomenon is relevant for larger SUSY breaking than that we will be considering
here.
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act: in order to avoid disastrously fast decay of the metastable vacuum, large SUSY breaking scales must be invoked so that the
R-breaking mass can be sufficiently small. It should also be noted that here the R-symmetry breaking responsible for the globally
supersymmetric minima of ISS models plays no direct role in the generation of gaugino masses, and consequently this is expected
to be a generic problem for gauge mediation of metastable SUSY breaking. This is also a problem for the models that were con-
structed to implement direct mediation [14], and again, in those cases certain operators had to be forbidden by hand, making the
superpotential non-generic.
To avoid these problems, the next option for generating non-zero gaugino masses would be to use the explicit R-breaking of the
ISS model itself, associated with the metastability and the existence of a global supersymmetric groundstate. This is in fact a more
difficult proposition than one might suppose for the following reason. At the metastable minimum there is an unbroken approximate
R-symmetry (which is of course why it is metastable in the first place). The R-symmetry is explicitly (more precisely anomalously)
broken only by the non-perturbative term,
(1)Wnp ∝ (detNf Φ)
1
N ∼ Φ
Nf
N ,
where Φ is the meson field, SU(N)mg is the gauge group of the magnetic theory, and N = Nf − Nc with SU(Nc) being the
gauge group of the electric theory [1]. One might hope that this would induce (for example) R-symmetry breaking mass-terms that
contribute to gaugino masses in perturbation theory. However such mass-terms will be typically of order ∂2W
∂Φ2
∼ Φ
2Nc−Nf
N
. Thus
since ISS models are valid in the interval Nc + 1Nf < 32Nc, they are exactly zero in the metastable minimum where 〈Φ〉 = 0.
We are led to an alternative—the focus of this Letter—which is to spontaneously break the approximate R-symmetry of the ISS
model to generate gaugino masses. The explicit breaking of the model then ensures that any R-axions get a mass and are made safe.
The natural avenue to explore is to gauge (part of) the SU(Nf ) flavour symmetry of the ISS model, identifying it with the Standard
Model gauge groups. This would allow the quarks and mesons in the theory to mediate the SUSY breaking directly to the Standard
Model, thereby avoiding the need for any messenger sectors which as we have seen are liable to destabilize the metastable vacuum.
Once spontaneous R-breaking has been achieved, there is in principle nothing to prevent it being mediated via these fields to the
rest of the model including the gaugino masses.2 (Note that the non-perturbative explicit R-breaking can also now contribute to
gaugino masses since Φ will get a VEV.)
In this Letter we demonstrate that perfectly viable direct mediation of SUSY breaking can indeed be implemented in this way, by
making the simplest deformation to the ISS model that one can imagine, namely the addition of a baryon term to the superpotential.
This “baryon-deformed” QCD model has a runaway direction to a non-supersymmetric metastable minimum of the ISS type, along
a particular direction of field space which is lifted by the Coleman–Weinberg potential and stabilized. Along this direction the
meson modes Φij acquire a VEV, and the approximate R-symmetry is spontaneously broken. Importantly the diagonal (U(1)-
trace) component of the pseudo-Goldstone modes (i.e. those modes of Φij whose flavour indices correspond to SM gauge group)
acquires a VEV at this point as well; the latter gives R-breaking masses to the magnetic quarks which are charged under the SM
gauge groups. This enables them to act as messenger fields giving the gauginos masses at one-loop. We stress that all of this happens
automatically upon adding a baryon. There is no need for any messenger sector outside the ISS model, and therefore no additional
instability is induced. Moreover, we will show that the resulting gaugino masses can be naturally of the right order.
Let us begin by introducing our model which is based on the model of ISS with SU(Nc) gauge symmetry and Nf flavours of
quark/anti-quark pairs in the electric theory. The magnetic dual theory has a SU(N)mg gauge symmetry, where N = Nf − Nc, Nf
flavours of fundamental quark/anti-quark pairs, and is IR free if Nc + 1  Nf < 32Nc. The minimal values consistent with this
equation and leading to a non-trivial magnetic gauge group are Nf = 7 and Nc = 5 giving SU(2)mg in the magnetic dual theory.
Now consider the following superpotential:
(2)W = Φijϕi . ϕ˜j −μ2ijΦji + mεabεrsϕar ϕbs ,
where i, j = 1, . . . ,7 are flavour indices, r, s = 1,2 run over the first two flavours only, and a, b are SU(2)mg indices (we set the
coupling h = 1 for simplicity). This is the superpotential of ISS with the exception of the last term which is a baryon of SU(2)mg.
Note that the 1, 2 flavour indices and the 3, . . . ,7 indices have a different status and the flavour symmetry is broken explicitly to
SU(2)f × SU(5)f . The SU(5)f factor will be gauged separately and will be identified with the parent SU(5) of the SM.3
The baryon deformation is the leading order deformation of the ISS model that is allowed by R-symmetry (as well as the gauge
and flavor symmetries discussed above). Terms quadratic in the mesons that could arise from lower dimensional irrelevant operators
in the electric theory are forbidden by R-symmetry.
2 Indeed the very same point was made in Ref. [10] which was presented in the language of retrofitting. There however, successful mediation required a messenger
sector which, in general, may lead to new and unstable directions.
3 Note that the breaking of SU(5) is assumed to take place or be included explicitly in the SM sector.
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(3)μ2ij =
(
μ2I2 0
0 μˆ2I5
)
.
We will assume that μ2 > μˆ2. The parameters μ2, μˆ2 and m have an interpretation in terms of the electric theory: μ2 ∼ ΛmQ and
μˆ2 ∼ ΛmˆQ come from the electric quark masses mQ, mˆQ, where Λ is the Landau pole of the theory. The baryon operator can
be identified with a corresponding operator in the electric theory. Indeed the mapping from baryons BE in the electric theory to
baryons BM of the magnetic theory, is BMΛ−N ↔ BEΛ−Nc (we neglect factors of order one). Thus one expects
(4)m ∼ M
(
Λ
M
)2Nc−Nf
= Λ
3
M2
.
Where M represents the scale of new physics in the electric theory at which the irrelevant operator BM is generated. We will think
of it as being MP or MGUT although as we shall see a large range of values can be accommodated.
It is encouraging that this rather minimal choice of parameters allows us to identify SU(5)f flavour symmetry with the Standard
Model gauge groups.4 Thus the magnetic quarks ϕ, ϕ˜ decompose into 4 singlets (which we will call φ, φ˜) plus 2 fundamentals of
SU(5)f (which we call ρ, ρ˜), while the magnetic mesons Φij decompose into 4 fundamentals of SU(5)f (Z and Z˜), an adjoint +
trace singlet of SU(5)f (X), plus 4 more singlets (Y ). The charges are as follows:
SU(5) SU(2)mg U(1)R
Φij ≡
(
Y Z
Z˜ X
) (
4 × 1 
¯ Adj + 1
) (
1 1
1 1
)
2
ϕ ≡
(
φ
ρ
) (
1
¯
)
 1
ϕ˜ ≡
(
φ˜
ρ˜
) (
1

)
¯ −1
At this point it is worth noting that, thanks to the baryon, the model has R-charges that are not 0 or 2. As discussed in Ref. [21] this
condition is necessary for Wess–Zumino models to spontaneously break R-symmetry. Therefore, our model allows for spontaneous
R symmetry breaking and we will see in the following that this does indeed happen.
Now let us consider the potential at tree-level. The F -term contribution to the potential at tree-level is
VF =
∑
ar
∣∣Yrsφ˜as +Zriˆ ρ˜aiˆ + 2mεabεrsφbs
∣∣2 +∑
aiˆ
∣∣Z˜
iˆr
φ˜ar + Xiˆjˆ ρ˜ajˆ
∣∣2 +∑
as
∣∣φar Yrs + ρaiˆ Z˜iˆs
∣∣2 +∑
ajˆ
∣∣φar Zrjˆ + ρaiˆ Xiˆjˆ
∣∣2
(5)+
∑
rs
∣∣(φr . φ˜s − μ2δrs)∣∣2 +∑
riˆ
|φr . ρ˜iˆ |2 +
∑
riˆ
|ρ
iˆ
. φ˜s |2 +
∑
iˆ jˆ
∣∣(ρ
iˆ
. ρ˜
jˆ
− μˆ2δ
iˆjˆ
)∣∣2,
where a, b are SU(2)mg indices. The flavor indices r , s and iˆ, jˆ correspond to the SU(2)f and SU(5)f , respectively. It is straight-
forward to see that the rank condition works as in ISS; that is the minimum for a given value of X, Y , Z and Z˜ is along ρ = ρ˜ = 0
and
(6)〈φ〉 = μ
2
ξ
I2, 〈φ˜〉 = ξ I2,
where ξ parameterizes a runaway direction that will eventually be stabilized by the Coleman–Weinberg contribution to the potential.
This then gives
(7)Z = Z˜ = 0
but the pseudo-Goldstone modes X = χI5 are undetermined. (Note that all the D-terms are zero along this direction and the
SU(2)mg is higgsed but SU(5)f is unbroken.) In addition Y becomes diagonal and real (assuming m is real). Defining 〈Yrs〉 = η I2,
the full potential is
(8)V = 2
∣∣∣∣ηξ + 2mμ
2
ξ
∣∣∣∣
2
+ 2
∣∣∣∣ημ
2
ξ
∣∣∣∣
2
+ 5μˆ4.
4 It is also an amusing coincidence that the electric theory has the same gauge groups for colour and flavour, SU(5)f × SU(5)c .
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(9)η = −2m
(
ξ2
μ2
+ μ
2
ξ2
)−1
.
Substituting η(ξ) into Eq. (8) we see that ξ → ∞ is a runaway direction along which
(10)V (ξ) = 8m2μ2
(
ξ6
μ6
+ ξ
2
μ2
)−1
+ 5μˆ4.
It is worth emphasizing that even in the limit ξ → ∞, the scalar potential V is non-zero, so we have a runaway to broken
SUSY (a ‘pseudo-runaway’ in the language of [33]). Proceeding to one loop, the Coleman–Weinberg contribution to the potential
is therefore expected to lift and stabilize this direction at the same time as lifting the pseudo-Goldstone modes χ .
Let us see how this works. Firstly, recall that the Coleman–Weinberg effective potential [34] sums up all one-loop quantum
corrections into the following form:
(11)V (1)eff =
1
64π2
STrM4 log M
2
Λ2UV
≡ 1
64π2
(
Tr m40 log
m20
Λ2UV
− 2 Trm41/2 log
m21/2
Λ2UV
+ 3 Trm41 log
m21
Λ2UV
)
,
where ΛUV is the UV cutoff,6 and the mass matrices are given by [35]:
(12)m20 =
(
WabWbc +DαaDαc + DαacDα WabcWb +DαaDαc
WabcW
b +DαaDαc WabWbc +DαaDαc + DαcaDα
)
,
(13)m21/2 =
(
WabWbc + 2DαaDαc −
√
2WabDβb
−√2DαbWbc 2DαcDβc
)
, m21 = DαaDβa + DαaDβa.
As usual, Wc ≡ ∂W/∂Φc denotes a derivative of the superpotential with respect to the scalar component of the superfield Φc,
and Dα are the appropriate D-terms, Dα = gzaT αabzb . Of course, D-terms can be switched off by setting the gauge coupling
g = 0, which we will do until further notice. All the above mass matrices will generally depend on field expectation values. The
effective potential Veff = VF + V (1)eff is the sum of the F-term (tree-level) and the Coleman–Weinberg contributions. To find the
vacua of the theory we now have to minimize Veff. The true, stable vacuum will be the global minimum, with other minima being
only meta-stable.
It is interesting to note that as the 1-loop corrections are of a supertrace form, they vanish around supersymmetric vacua. If the
runaway was to a supersymmetric vacuum at infinity, the Coleman–Weinberg corrections would not lift it. In our case, we have
a runaway to a non-supersymmetric vacuum at infinity, so it is reasonable to expect that these loop corrections will modify the
asymptotic behaviour.
Now let us see how the classical runaway direction is lifted by quantum effects. We parameterize the pseudo-Goldstone and
runaway field vacuum expectation values by
(14)〈φ˜〉 = ξI2, 〈φ〉 = κI2,
(15)〈Y 〉 = ηI2, 〈X〉 = χ I5.
These are the most general VEVs consistent with the tree level minimization. It can be checked that at one loop order all other
field VEVs are zero in the lowest perturbative vacuum. By computing the masses of all fluctuations about this valley we can go
about constructing the one-loop effective potential from Eq. (11). We have done this numerically using Mathematica as well as
Vscape, a program specifically written to explore the properties of metastable vacua [36].
Table 1 shows the result of minimizing the VEVs in the one-loop effective potential for some sample values of the parameters.
As expected, the VEVs in Eqs. (14), (15) are seen to approximately, i.e. up to small Coleman–Weinberg corrections, satisfy the
analytic tree-level relations (6), (9)
(16)κ = μ
2
ξ
, η = −2m
(
ξ2
μ2
+ μ
2
ξ2
)−1
.
We have checked that this is indeed the case for a wide range of input parameters. Hence, in what follows, we impose the condition
above and only consider the two independent VEVs ξ and χ .
A plot of the potential in the ξ direction, Fig. 1, shows the Coleman–Weinberg terms do indeed stabilize the ξ → ∞ runaway at
finite, non-zero values of the fields. A contour plot in the ξ–χ plane, Fig. 2, reveals that the pseudomodulus χ is also stabilized at
a non-zero value O(μˆ).
5 The phase of ξ corresponds to the R-axion which will be dealt with later.
6 As usual we can “eliminate” ΛUV by trading it for a renormalization scale at which the couplings are defined.
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Stabilized VEVs for different models: μ = 4μˆ, m = 2μˆ. The values † are obtained from the tree-level constraints Eqs. (6), (9)
Model ξ/μˆ κ/μˆ η/μˆ χ/μˆ
Vscape unconstrained 22.55451 0.709338 −0.125660 −1.00041
Vscape constrained 22.55581 0.709352† −0.125671† −1.00132
Mathematica 22.5559 0.70935† −0.12567† −1.0014
Gauged SU(2)mg, g = 0.4 22.4385 0.71306† −0.12699† −1.0115
Fig. 1. This plot demonstrates the stabilization in the ξ direction. The red curve is the tree-level runaway potential. The purple is the Coleman–Weinberg contribution
(we have added a constant shift of 5 to it). The blue line depicts the full stabilized potential. (We use μ = 4μˆ, m = 2μˆ.) (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this Letter.)
Fig. 2. This contour plot of the effective potential Veff shows that the pseudo-modulus χ is also stabilized at a non-vanishing VEV. (We use μ = 4μˆ, m = 2μˆ.)
Thus, for a natural choice of parameters, all the VEVs ξ , κ , η and χ obtain stable, finite O(μˆ) values. Notice that Φ , ϕ and ϕ˜
all carry R-charge, so the R-symmetry of the model is spontaneously broken in this minimum.
Until now we have neglected the D-terms from SU(2)mg but, as we can see from Table 1, including them does not significantly
alter the VEV-structure of the vacuum.
What about the stability of this vacuum? When the gauge fields are turned on, this model has non-zero Witten index, so the
global minimum will be supersymmetric. As in the ISS model, this minimum is induced by the non-perturbative contribution to the
206 S. Abel et al. / Physics Letters B 661 (2008) 201–209superpotential,
(17)Wnp = 2Λ3
[
det
(
Φ
Λ
)] 1
2
.
Adapting the supersymmetric vacuum solution from the ISS model to our case with μ > μˆ we find,
(18)ϕ = 0, ϕ˜ = 0, η = μˆ2μ− 65 Λ 15 , χ = μ 45 Λ 15 .
Note that the supersymmetric minimum lies at ϕ = ϕ˜ = 0 and is completely unaffected by the baryon deformation.
So far we have established that supersymmetry is broken dynamically and R-symmetry spontaneously in the metastable vacuum
of the ISS sector. We now need to transmit both these effects to the Standard Model. The most concise way to do it is to gauge
the SU(5)f and to identify it with the parent gauge group the Standard Model. Since both supersymmetry and R-symmetry are
broken,7 gauginos do acquire a mass.
Gaugino masses are generated at one-loop order (cf. Fig. 3). The fields propagating in the loop are fermion and scalar components
of the direct mediation ‘messengers’ ρ, ρ˜ and Z, Z˜. For fermion components,
(19)ψ = (ρia,Zir )ferm, ψ˜ = (ρ˜ia, Z˜ir )ferm,
the mass matrix is given by
(20)mf = I5 ⊗ I2 ⊗
(
χ ξ
μ2
ξ
0
)
.
We assemble the relevant scalars into
(21)(ρia,Zir , ρ˜∗ia, Z˜∗ir)sc,
and for the corresponding scalar mass-squared matrix we have
(22)m2sc = I5 ⊗ I2 ⊗
⎛
⎜⎜⎜⎜⎜⎝
|ξ |2 + |χ |2 χ |μ|
ξ∗ −μˆ2 η∗ |μ|ξ∗
χ
|μ|
ξ
|μ|4
|ξ |2 (ξη)
∗ + 2m |μ|2
ξ
0
−μˆ2 ξη + 2m |μ|2
ξ∗
|μ|4
|ξ |2 + |χ |2 (χξ)∗
η
|μ|
ξ
0 χξ |ξ |2
⎞
⎟⎟⎟⎟⎟⎠
.
Gaugino masses arise from the one-loop diagram in Fig. 3. Due to the non-diagonal form of the matrices (20), (22), we find
it easiest to evaluate the appropriate expressions numerically. The scale μˆ is the SUSY-breaking scale. We will keep it fixed, and
measure all other dimensionful parameters in units of μˆ. Then for fixed μˆ = 1 there are only two independent input parameters,
μ and m, while the VEVs ξ , κ , η and χ are generated from minimizing the effective potential, as above. For the purposes of this
Letter we will focus on generating the largest possible values for gaugino masses (in units of μˆ).8 We find that this occurs when
μ  μˆ. For example, for μ = 1.1μˆ and m = 0.3μˆ we have
(23)mλA 
g2A
16π2
0.0089μˆ,
where A = 1,2,3 labels the three gauge groups of the Standard Model. Requiring that all the gaugino masses are
(24)mλA ∼ (0.1–1) TeV,
we conclude that
(25)μˆ ∼ (104–105) TeV
in this point in the parameter space of our model.
We would like to compare this numerical evaluation of the gaugino mass with the simple analytical expression one might have
anticipated. Assuming that the dominant effect comes from magnetic quarks, ρ and ρ˜, propagating in the loop, as shown in Fig. 3,
and working to the leading order in SUSY breaking, i.e. to order Fχ , gaugino mass goes as
(26)mnaive estimateλA ∼
g2A
16π2
〈Fχ 〉
〈χ〉 ∼
g2A
16π2
μˆ2
〈χ〉 ∼
g2A
16π2
μˆ.
7 In contrast to the ISS model which only has small anomalous R-symmetry breaking our model has in addition a rather large spontaneous R-symmetry breaking
by the vacuum expectation value 〈χ〉.
8 In Ref. [37] we will explore the parameter space of the model in more detail.
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non-vanishing.
For the last part of (26) we have assumed that all VEVs and mass parameters are of the same order O(μˆ). This expression is two
orders of magnitude greater than our numerical result and therefore is too simplistic to give a correct estimate. In fact, the correct
O(Fχ) contribution to m(1)λA ∼
g2A
16π2 Fχ(mf )
−1
11 vanishes in our model, and one needs to go to order F
3
χ to find a non-vanishing
contribution. This effect was first pointed out in Ref. [38]: the zero element in the lower right corner of the fermion mass matrix
(20) implies that (mf )−111 = 0 and hence m(1)λA = 0.
The vanishing of the leading order contribution m(1)λA to the gaugino mass contrasts with the usual gauge mediation argument that
the scalar masses should be roughly similar to the gaugino masses mλA ∼ Msc. Clearly, the R-symmetry breaking (together with
the structure of the messenger mass matrices) plays a crucial role in suppressing the gaugino masses. Since scalars are not protected
by R-symmetry the generation of their masses is less constrained.9 Hence, we expect the appropriate two-loop diagrams (cf., e.g.,
[40,41]) to give something closely approximating the naive estimate for the scalar masses,
(27)M2sc ∼
(
g2A
16π2
)2
μˆ2.
In our model therefore the scalars are always heavier than the gauginos. The phenomenology for this particular type of model
is expected to be of the “heavy-scalar” type as reviewed in Ref. [39]. In the region μˆ  μ ∼ m their masses are only about two
orders of magnitude larger than the gaugino masses, and a focus-point type of phenomenology [42] may be possible. (Note that by
choosing μ to be even closer to μˆ one may get gaugino masses closer to those of the scalars.) Increasing μ and decreasing m takes
us continuously to the split SUSY scenario [43,44]. A fuller investigation will be carried out in Ref. [37].
Non-perturbative effects due to Wnp are suppressed by the scale Λ of the Landau pole of the ISS sector, which we have not
yet constrained. Choosing Λ  μˆ (so that the magnetic theory is weakly coupled and the metastable vacuum is long lived) the
non-perturbative corrections to our discussion are small.
Our model has a spontaneously broken R-symmetry that is explicitly broken only by the non-perturbative contribution Wnp to
the superpotential. In such a situation we generally expect a pseudo-Goldstone boson—the R-axion aR (cf., e.g., [32,45,46]). If
such a particle is light it can have dangerous phenomenological consequences [47–49]. Since the R-symmetry is an axial symmetry
triangle diagrams typically couple the R-axion to gauge fields via a term (see, e.g., [47])
(28)∼ α
2πfR
aRF
μνF˜μν,
where Fμν is a gauge field and fR is the scale of spontaneous R-symmetry breaking. Particularly dangerous are the couplings of this
type to gluons and photons. Moreover, there can exist couplings of the R-axion to matter fields. For small masses maR  100 MeV
astrophysical considerations [48,49] constrain the scale of spontaneous R-symmetry breaking to be
(29)fR  few × 107 GeV for maR  100 MeV.
Let us now estimate the mass of the R-axion in our model to check whether it is harmless. The R-axion is the phase of the fields
that spontaneously break the R-symmetry,
(30)η = |η| exp
(
2i
aR
fR
)
, χ = |χ | exp
(
2i
aR
fR
)
,
where the 2 arises from the R-charge 2 of the Φ-field. The dominant contribution to spontaneous R-symmetry breaking comes
from 〈η〉. This sets the scale
(31)fR ∼ 〈η〉.
9 For example, as long as supersymmetry is broken, we can have scalar masses even when R-symmetry is unbroken.
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FX-terms,
VF  |FX|2 ∼
∣∣∣∣〈η〉〈χ〉 32 exp
(
5i aR〈η〉
)
Λ−
1
2 − μˆ2
∣∣∣∣
2
(32)=
[
〈η〉2〈χ〉3Λ−1 + μˆ4 − 2μˆ2〈η〉〈χ〉 32 Λ− 12 cos
(
5 aR〈η〉
)]
,
the R-axion mass arises from the last term on the right-hand side. (For simplicity, we have chosen μˆ and all the VEVs to be real.)
Expanding to second order in aR we find the R-axion mass to be,
(33)m2aR ∼ μˆ2〈η〉−1〈χ〉
3
2 Λ−
1
2 .
For our values this turns out to be sufficiently heavy to easily avoid the astrophysical constraints for any Λ < MP .
We now want to comment on a particular feature of our model, and indeed all direct mediation models based on embedding the
Standard Model gauge group into the flavor group of the ISS sector. As already mentioned in Refs. [1,14] this embedding adds a
significant number of matter multiplets charged under the SM gauge groups. Above the mass thresholds of these fields this leads to
all Standard Model gauge groups being not asymptotically free and therefore to Landau poles in the SM sector. Since the additional
fields are in SU(5) multiplets, the beta functions of the SM gauge couplings are modified universally. For example, in our model as
(34)bA = b(MSSM)A − 9,
where the additional contributions are 2 from ϕ and ϕ˜, and 7 from Φ . The SM gauge couplings at a scale Q > μ in our model are
therefore related to the traditional MSSM ones as
(35)α−1A =
(
α−1A
)(MSSM) − 9
2π
log(Q/μˆ),
where the fields ϕ, ϕ˜ and Φ contribute to the running above the scale μ. The Landau pole Q ≡ Λ(MSSM) we will take to be situated
where gA ∼ 4π which corresponds roughly to
(36)Λ
(MSSM)
μˆ
∼ 105.
Values of μˆ  108 TeV would be required in order to reach the conventional GUT scale in the MSSM sector before the Landau
pole.
We would now like to suggest that the change of sign in the slopes of the Standard Model gauge couplings and the very existence
of Landau poles is an interesting feature rather than an insurmountable problem. Presence of Landau poles in all sectors of theory
indicates that we should interpret not only the ISS sector as a magnetic dual of an asymptotically free theory, but also apply the
same reasoning to the Standard Model itself. In other words, at energy scales above μˆ the Standard Model sector and the ISS sector
are not decoupled from each other and, in general, should be treated as part of the same theory. We already know that the UV
completion of the ISS sector is its electric Seiberg dual and we propose the whole theory has such a UV completion. This seems
to be a rather symmetric construction. One consequence of this interpretation is, of course, that gauge unification is lost, or at least
buried in the unknown details of the dual theory.
In summary we find that direct mediation (i.e. mediation in which there is no separate messenger sector) is relatively simple to
implement in ISS-like models by inducing spontaneous breakdown of the approximate R-symmetry associated with the metastable
minimum which in turn allows us to generate gaugino masses alongside other soft SUSY-breaking terms. We presented a baryon-
deformed ISS model in which this occurs automatically due to the Coleman–Weinberg potential. Once the R-symmetry is broken,
the magnetic quarks of the ISS sector are able to play the role of messengers, if one identifies an SU(5)f subset of the flavour
symmetry with the SM gauge groups. We have speculated that the entire theory is a magnetic dual of an (unknown) asymptotically
free theory.
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